In order to increase the resilience of cities, there has been substantial effort to improve preparedness for, and response to, unexpected disasters. However, there is no specific measurement framework to address the degree of preparedness of a city. This study proposes the development of such a framework, in three phases: (1) identify multiple risks to a city, using risk perception theory, (2) evaluate and categorize these risks, according to public risk perception, using principal components analysis (PCA), and, (3) following the selection of risks, evaluate the resilience policy structure by counting the number of existing policies and using analytic hierarchy process (AHP). This study was customized for eight representative cities in Japan. Twenty-eight risks were identified and categorized as "Risk anxiety level" and "Preventive controllability", based on public risk perception. Following the selection of four risks -greenhouse gas generation, energy shortage, ecological destruction, and earthquakethe policy evaluation indicated that earthquakes have the strongest resilience policy structure in all eight cities. This was also reflected in the degree of city preparedness for resilience, which suggested that every city has relatively higher preparedness for earthquakes among the risks. These findings suggest that these cities' policies are well engaged with public concern. The study provides information that can help policy makers to improve communication with the public to meet well-intentioned policy, to predict public response to potential risks, and to direct educational efforts. Such information can also be helpful in redefining policy approaches to strengthen cities' and residents' preparedness for external stresses.
resilience management improves a system's ability to prepare, absorb, recover from, and adapt to unexpected risks. To assess this management, multiple measures are required across the physical (infrastructure and property), information (detection and monitoring), cognitive (decision-making and regulations), and social (people) domains of the system (Linkov et al., 2014, p. 379) . While risk management is a useful method to mitigate damage by a known set of risks, it often does not consider all of these domains, and tends to focus only on the physical domain (Linkov et al., 2014) . As such, the concept has been expanded to that of 'resilience management', which can be achieved through assessing the system over the multiple domains. This study therefore considers in particular the information, cognitive, and social domains for measuring preparedness. In order to consider these domains, the framework of this study addresses the information and cognitive domains through monitoring policy/regulation by policy evaluation, and assesses the social domain by examining public risk perception.
A measurement framework for resilience, and particularly preparedness, has been developed in the last decade, and previous studies have introduced a preparedness assessment. For example, Chen, Ferng, Y. Wang, Wu, and J. Wang (2008) developed a preparedness assessment of debris flow risk and landslide susceptibility for hillslope communities, by constructing multiple criteria that can be effective preparation for policy and residents, based on the judgments from experts; Haimes (2012) conceptualized strategic preparedness for decision-making processes by using two separate modeling structures from risk assessments to critical infrastructure system; and Bruneau et al. (2003) presented a conceptual framework of community resilience against seismic activity, particularly related to mitigation and preparedness planning. As can be seen by these examples, the frameworks used in such studies tend to be limited to a specific risk (e.g. landsliding, earthquake), to remain at a conceptual stage (so there is no clear implementation), and to be based on judgements typically made by experts or academics. A challenge still remains to achieve a holistic measurement of multiple risks, particularly in two main ways: firstly, evaluating policy to understand the degree of preparedness, and secondly, understanding how the public perceives these risks. This is partially because there is difficulty in specifying feasible measurement materials for this analysis. To address this issue, this study suggests specific resources/actions for the quantification and its implementation.
To examine public risk perception, this study applies a theory of risk perception that has been used for highlighting public concerns about risk and predicting public reactions to risks and their management (Slovic, Fischhoff, & Lichtenstein, 1982) . The public concern and reaction implies how well they are prepared for potentially forthcoming risks. For example, if they have more fear and dread of risks, it can be assumed that they are not in a strong position to protect themselves, and not well prepared. Therefore, risk perception theory can be useful as an indicator to represent the degree of preparedness for residents/public, and can then lead to increased resilience at an individual people. Such an aggregation of resilient people can then lead to a city's ability to be resilient. The study customizes risk perception theory to address preparedness in residents/public, which can contribute improving policy engagement with the public, and communication between policy makers and public.
The measurement frameworks are composed of three phases: (1) identify multiple risks in a city, using the risk perception theory, (2) evaluate and categorize the multiple risks, according to the public risk perception, using principal components analysis (PCA), and, (3) following the selection of risks, evaluate the resilience policy structure by counting a number of existing policies and using analytic hierarchy process (AHP). Lastly, the combined results of phases 2 and 3 are applied in order to measure the degree of preparedness in eight Japanese cities. The eight cities were selected in order to compare different stages in the recovery process: post, ongoing, and future catastrophic. Six of the cities have experienced and recovered from catastrophic events; they are Kobe, Amagasaki, Toyonaka, Suita, Ibaraki, and Nishinomiya, all located in western Japan. Sendai, in northeastern Japan, has experienced a catastrophic event and remains in the ongoing process of recovery. Finally, Kawasaki has not experienced a major catastrophic event. This selection helps visualize the dynamic consequences of an external event over time. With the establishment of this framework, policy makers will be able to identify at which stage they are in relative to public concerns, and what kind of actions need to be taken for further preparation in order to build city resilience. Figure 1 shows the three-stage research framework of this study. Phase 1 refers to the previous study by Ebisudani and Tokai (2016) to identify multiple risks. Following the selection of multiple risks, this study develops two major analyses to measure city resilience for preparedness: public risk perception (Phase 2) and policy evaluation in conjunction with local officials (Phase 3). ani & icials were 016), e gas isted, n and and ption, ed on vious edia's n the serious damage caused by the damage at Fukushima nuclear facility. This has raised public consciousness about this danger, and built enough fear throughout Japan for it to be recognized as a risk. War, international dispute, terrorism, and crime were also considered to be explainable by news media reporting. In total, 28 multiple risks were used for further analyses. 
Measurement Framework

Phase 2: Characterization and Categorization of Multiple Risks by Public Risk Perception
The fundamental framework approach draws upon the theory of risk perception (e.g. Slovic et al., 1980) . Based on the designated multiple local risks, a questionnaire survey was produced, and distributed to a wide range of residents across the eight cities. To boost the number of responses, a private marketing research company assisted with data collection, which was conducted in January 2015 for three days via the Internet. The survey was distributed to residents between the ages of 20 and 60 years old. The survey was customized for this study and all 18 risks characteristics were employed (Table 2) , as opposed to the selection of 14 employed in our previous study. This step evaluated how existing local policies could contribute to building resilience in a city. Four risks were selected among the 28 multiple risks: 1. Greenhouse gas generation, 2. Energy shortage, 3. Ecological destruction, and 4. Earthquake. These risks can be understood as representatives in relative to both risks defined in Slovic's theory and risks in this study. Risk defined in the theory (Slovic et al., 1980) were relative to the human actions/activities that might lead to consequences affecting aspects of what humans value, for instance, human activities (e.g., smoking, fire fighting), substances (e.g., food coloring), and technologies (DNA technology, aviation). This study focused on a risk as an external stress to a city, which were physical harm/loss (e.g., emission of pollutants, loss of resources), accidents and disaster to a city. Therefore, the study selected four risks as a linkage between both sets of risks: material emissions, damages or losses that might be cause by human activity.
For these represented risks, the evaluation was composed of three sets of data analyses: (i) categorize existing policies according to the theoretical concept of resilience, and count the frequency of each, (ii) conduct weight analysis to include local officials' judgement using AHP among risks and policies, and (iii) employ the results of the first two steps to finalize the calculation.
Categorization of Policies in the Concept of Resilience
This study referred to existing policy activities listed on Office Work Business Evaluation Reports and reports and white papers related to the environment in each of the eight cities. The reports overviewed existing local government activities which also represented residents' needs. Therefore, they were selected as appropriate materials to overview public activities.
In order to categorize existing policies, a set of indicators (Table 4 ) was used as a guideline. The indicators were developed by Baba and Tanaka (2015) to assess city resilience. The indicators were developed based on the combination of results from reviewing of Japanese administrative plans (e.g. Master Plan, Basic Environmental Plan, and Regional Disaster Prevention Plan etc.), and interviews and workshops with local government policy makers. Therefore, these indicators could be used as keywords to search in the description of project outline and objectives. Baba and Tanaka (2015) described significant resilience policy structure in countermeasures across three policy phases: prevention, adaptation, and transformation. The phase of prevention was described as when a city has resistance to disturbance, no need to respond, and is able to maintain its function. The countermeasures in this phase reduce and suppress risk. In the phase labelled adaptation, the countermeasures work to diminish the damage from higher disturbances. In the last phase, transformation, the countermeasures contribute to moving to an alternative system function, when the impact of a disturbance may be too large to recover from. By applying this structure and indicators, relevant policies and strategies for each of the designated risks could be categorized and the frequency of each indicator was physically counted. This step generated a weight for each of the designated risks and countermeasures using the analytic hierarchy process (AHP). The AHP was introduced by Saaty (1980) , as an effective tool to set priorities and make the best jsd.ccsenet.org
Journal of Sustainable Development Vol. 10, No. 6; 2017 decision. It considers a set of evaluation criteria and a set of alternative options among which the best decision is to be made (Saaty, 1980) . For each evaluation of criterion and alternative option, the questionnaires were provided by pairwise comparisons. These questionnaires were administered in June 2015 in each of the cities to officials who were familiar with the selected risks, in the department of general affairs and relative to environmental management (i.e. environmental policy, conservation, energy promotion, industrial environment management and natural disaster management). The higher the weight generated by the AHP, the more important the corresponding criterion. For this study, four significant risks were selected as evaluation criteria, and three countermeasures as alternative options, to find each weight. The four risks were selected based on the result from the characterization of multiple risks.
Saaty (1980) described three simple steps to implement the AHP; computing the vector of criteria weight, computing the matrix of option scores, and ranking the options. This current study only applied the initial two steps. The evaluation criteria are shown as m and the options as n. The AHP first created a pairwise comparison matrix . The matrix is a × real matrix. Each entry of the matrix implied the importance of the jth criterion relative to the kth criterion (Saaty, 1980) . Table 5 described the measurement scale of pairwise comparisons on the relative importance between two criteria for the current study. 
After, the criteria weight vector w (m-dimensional column vector) was calculated by averaging the entries on each row of .
Second, in order to derive option scores, a pairwise comparison matrix is the evaluation of the ith option compared to the hth option with respect to the jth criterion (Saaty, 1980 ). An evaluation scale represented similar to Table 3 and the procedures followed same as criteria weight (w). The scale of measurement was conducted to each matrix ( ) the same two-step calculation described for the pairwise comparison matrix to obtain the option score vectors 
Measurement the Degree of City Preparedness
To finalize the score for city preparedness, the degree of city preparedness was demonstrated on two-dimensional (x, y) coordinates. The x value was given the value of factor 1 from the result of PCA. The y value was the global score of policy evaluation ( ).
Study Areas
This developed framework was applied to eight Japanese cities: Kobe, Amagasaki, Toyonaka, Suita, Ibaraki, Nishinomiya, Sendai, and Kawasaki. The study selected these cities to understand the dynamic consequences of an external event over time and this study selected earthquake as an external event. This was selected based upon the Japan Cabinet Office (2013) review of catastrophes and subsequent damage, which identified earthquakes as the major regular catastrophe in Japan over the last 25 years. Additionally, this review can be used to trace the impact and process of earthquakes over time. Table 6 shows the background of each of the eight cities. The population shown is that at the time of the survey data collection. The data for the number of deaths and missing people were provided by Hyogo Prefecture (2016), Sendai City (2016), and White Paper on Disaster Management (Japan Cabinet Office, 2012). The data for the peak number of refugees was also provided by Kobe city (2010), Amagasaki City (2010), Toyonaka City (2009), Matsushima (1995) , Osaka University (1997), and Sendai City (2016) . Figure 2 also shows the location of each city on a map. 
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The Vol. 10, No. 6; 2017 white papers found on the Internet and issued between 2012 and 2014. The results showed there was more countermeasures related to prevention and adaptation than to transformation, except in the case of Sendai. The city of Sendai has relatively more transformation countermeasures for greenhouse gas generation and earthquake. The reason for this is that they remain in a transition period of recovery following the great northeastern Japan earthquake of 2011, and have more proactive measures to tackle greenhouse gas generation.
The study targeted Office Work Business Evaluation Reports and reports and white papers related to the environment; however, some of the resources, particularly white papers on the environment, were limited and not available online. Future research will face the challenge of obtaining a wider range of white papers to include in analyses. rated as the most important among them. This is because all of the cities experienced the 2011 great earthquake which left enormous damage behind, and was subsequently prioritized in the policy management. On the other hand, greenhouse gas generation and ecological destruction had relatively low weights. These risks tend not to be noticeable, and the level of damage and impact on people tend to be invisible. This may be one of the reasons for their low importance in the local policy. Note. 1=greenhouse gas generation; 2=energy shortage; 3=ecological destruction; 4=earthquake.
Likewise, the results of the score matrix (S) in each countermeasure based on the criterion are shown in Table 9 . Each city has a different ranking among each countermeasure. The trend can be seen in the average, which shows the most important countermeasures are for transformation for greenhouse gas generation and energy shortage, and for prevention for ecological destruction and earthquake. For the cities which provided no data, the average score was applied in order to finalize calculations. Further research is needed in order to gather more responses from other departments that can be relative to these risks. By applying the result of the criteria weight vector (w), the score matrix (S), and the proportion of countermeasures (p = the number of countermeasures/ the grand total of countermeasures), the global scores of policy evaluation (v) were calculated. The results are shown in Table 10 . In the calculation of global scores for Kawasaki and Sendai, the average scores were used for w and S. The higher the global scores, the more policy achievement toward resilience management. In all of the cities, the highest scores among four risks were for earthquake. This is likely to be because earthquakes are recognized as a significant nationwide risk in Japan, regardless of whether they have been directly experienced or not. Awareness of this risk is built up in most Japanese people from their childhood and so is very familiar to the public. Therefore, the local policy has also engaged well with the risk and with sharing lessons and experiences. Among the eight cities, Nishinomiya and Kobe scored relatively highly for earthquake. This might imply that they have improved their policy following the Great Hanshin Earthquake in January 1995, while Sendai has the lowest score for earthquake, even though they have experienced the Great East Japan Earthquake in March 2011. This contrast can be explained by the unbalanced p value. The total number of countermeasures differs largely; Kobe has five, which is too small, and Sendai has 337, which is too large. This study proposed two materials to cover the number of local countermeasures. To address this issue, future research may be required to discuss further with local officials for the selection of representative materials for overviewing local countermeasures. Note. 1=greenhouse gas generation; 2=energy shortage; 3=ecological destruction; 4=earthquake.
The Level of Preparedness in Each City
To achieve the measurement of city preparedness for resilience, this study compiled both results from public risk perception using PCA and policy evaluation through AHP. Figure 5 shows the degree of city preparedness relative to four risks plotted on a two-dimensional structure. The horizontal axis shows risk anxiety level and the vertical axis indicates the strength of the policy structure for resilience. Among the four risks, earthquake was identified at the high end of both dimensions in all eight cities, while other risks were located at the low end of both dimensions. This implies that these cities were in a strong position to deal with earthquakes, compared with other risks. In particular, Kobe and Nishinomiya have the strongest structure for dealing with earthquakes among the cities, while Sendai is in a weak position. This is partially because Kobe and Nishinomiya have built their policies over more than 20 years; however, Sendai is still in the process of development. This suggests that the distribution of vertical axis can be explained in the dynamic consequences of the recovery process from an external event over time: post and ongoing.
In addition, the trend shows that the higher the public concern, the higher the policy achievement. This suggests that policy in these eight cities align well with public concerns, perhaps to address and suppress their fears. The other three risks -greenhouse gas generation, energy shortage, and ecological destruction -were relatively lower in both ends. This may be because these risks are not as noticeable and visible to residents in comparison with the earthquake, and their resilience policy development is still in process. For further understanding of these risks, the study considered the data from Table 8 of the average scores for the criteria weight vector (w), which shows the order of importance based on the officials' standpoints. Following the earthquake, the energy shortage comes next and has higher importance to consider this risk. By comparing this data and the risk anxiety level, the gap between officials and the public can be addressed. Ignorance of forthcoming risks may cause catastrophic damage to people; therefore, understanding the gap can help policy makers directing educational efforts.
This study targeted a set of four represented risks as a case study and the result is limited to the comparison of these risks. To further expand on these results, the same analysis could be implemented to undertake comparisons among a wider range of potential risks to help decision-making processes in a more comprehensive jsd.ccsenet.
manner.
Note. 1=gr (1) In order to understand the characteristics of these risks, the application of risk perception theory using PCA was applied and a wide-ranging public survey was conducted. The study successfully gathered a significant number of responses, which could represent public risk perception. Two main factors, Risk anxiety level and Preventive controllability, were designated to address residents' risk perception and the 28 risks were categorized according to both factors. The risks in higher characteristics of Risk anxiety level suggest that residents have a higher preference for reducing and suppressing the risks, which reflects the degree of their preparedness. High anxiety can be generated by less preparedness. In addition, the risks with the characteristics of preventive controllability indicate the public expectation to control the risks in advance. With this understanding, the study proposed different management approaches based on the characteristics: higher controllability tends to be workable under risk management and lower controllability is desirable for resilience management. This information can be useful for helping decision-making processes redirect local policies for effective management.
Conclus
(2) For measuring city preparedness, local policy and environmental strategies were evaluated for four common risks as a case study: greenhouse gas generation, energy shortage, ecological destruction, and earthquake. The policy evaluation was calculated by applying two sets of results: the proportion of countermeasures in resilience policy structure, and the AHP weight analysis based on the judgement of local officials. Lastly, the degree of city preparedness was demonstrated in conjunction with public risk perception and policy evaluation. As public risk perception, a score of Factor 1 'Risk anxiety level' was applied since it can be an indicator to reflect the degree of preparedness among the public. This study concluded that, among the four risks, these cities have stronger preparedness for resilience to earthquakes, which is in response to residents' risk anxiety level. It suggests that the policy is well aligned with public concern, which can give a positive effect for preparedness in the public. By examining both public risk perception and local policy activities, the study visualized their relationships among multiple risks. Addressing how well the policy engaged with public helps understanding public reaction to forthcoming risks, and revealing the gap between policy makers and the public can be helpful for policy makers to direct educational efforts. The information helps to build strong bonds between local government and residents, which leads to high preparedness for forthcoming risks. This can be one effective approach in terms of increasing city resilience.
The framework of this study addressed the information and cognitive domains through policy evaluation, and assessed the social domain by examining public risk perception in terms of measuring preparedness. This approach allowed the measurement of multiple risks and provides some overall suggestions to policy makers: what is the current level of city preparedness in relation to public concerns, and how to begin preparing policy to protect a city and its residents in terms of resilience. For further development of these findings, a follow-up study must engage in compiling all of the reports (i.e., environmental white papers) and survey responses for evaluating local policy activities. Also, the selection of multiple risks can change over time; therefore, the periodic update and accumulation of data will be essential in order to keep local policies up-to-date, and to redirect them when necessary. Through accumulating a large series of datasets, more accurate information for policy makers will be provided, and the process will become an effective tool for redefining existing policy approaches for city resilience.
